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FOREWORD 
This paper refers to the Tuscany case study which consti- 
tutes a systems analysis of integrated regional development in 
the Tuscany region. A core of this study is the development of 
applied models and methods undertaken by the Regional Development 
Group at IIASA, in collaboration with the Regional Institute for 
Economic Planning of Tuscany (IRPET). A bi-regional input-output 
model has a central part in the system of model development. In 
order to capture the dynamic process of capacity creation and 
removal, the capital formation has to be included into the input- 
output framework in a systematic way. This presupposes an esti- 
mation of capacity change and of capital coefficient matrices. 
This paper presents a systematic approach to obtain these 
estimates, also in the case where only a limited set of data is 
available. In summary, the method combines a vintage type pro- 
duction theory and an estimation technique based on information 
theory. 
Boris Issaev 
Leader 
Regional Development 
Group 
September 1 982 
ESTIMATION OF CAPITAL MATRICES 
FOR MULTISECTORAL MODELS: AN 
APPLICATION TO ITALY AND 
TUSCANY 
Lars Westin 
Bor je Johansson 
Maurizio Grassini 
1. INTRODUCTION: CAPITAL FOiiElATION IN THE MULTISECTORAL 
MODELS INTIMO AND TIM 
Recently, two models of input-output type have been developed 
for the Italian economy. The INTIMO model covers the economy as 
a whole, while TIM is a biregional model confronting the region 
of Tuscany with the rest of Italy. In order to introduce endog- 
enously determined investments into these models-both for short- 
and medium-term-capital coefficient matrices are calculated in 
this paper. 
The paper also has some general interest in the sense that 
it presents an attempt to reconstruct data which have not been 
directly observable. One important starting point for this is a 
small set of assumptions based on a vintage type of production 
theory. To illustrate the theoretical background, empirical ob- 
servations from the Swedish economy are presented in Section 3. 
These results also provide empirical support to the approach 
utilized in this study. Moreover, they indicate how the Italian 
models could gain in further precision and usefulness if more 
data of this kind were supplied from the Statistical Bureau of 
Italy. 
Section 2 presents the basic structure of the multisectoral 
models. Section 4 applies the assumptions introduced in Section 
3 by describing methods to calculate the change of capacity and 
productivity in different sectors of the Italian and Tuscany 
economies. It also presents estimates and calculations as re- 
gards these change processes. Section 5 presents a general 
method to estimate capital coefficient matrices, andapplies it to 
the data available for the Italian economy from 1970-1980.  Esti- 
mation results are presented in Section 6. 
2. INVESTMENT REQUIREMENTS AND CAPACITY CHANGE IN A MEDIUM-TERM 
INPUT-OUTPUT MODEL 
The Tuscany case study involves two multisectoral models of 
the input-output type. One is a nation-wide model and the other 
is a regional model with Tuscany and the remaining part of Italy 
as regions. In their medium-term versions both these models may 
be represented by this comprised formulation: 
where 
x = {x.} is a vector in which xi represents the production 
1 
of sector i 
A = {aij} is a matrix in which a denotes deliveries from ij 
sector i per output of sector j; for the biregional 
case this matrix has to distinguish between deliveries 
both with regard to sectors and the two regions 
h = {hi} is a vector in which hi represents the output from 
sector i used for investment in the production system 
c = {c.) is a vector in which c represents the final demand 
1 i 
of the model (exports, import, consumption, etc.). 
The input-output framework was introduced into applied 
economic analysis as an instrument to ensure that a solution to 
a model is internally consistent. The system described in formula 
(2.1) fails to satisfy such a consistency requirement as regards 
the development of production capacities and capital formation. 
2 . 1 .  Two Dimensions of  Capaci ty  Change 
The change of  t h e  c a p a c i t y  i n  a  s e c t o r  c o n s i s t s  of  two in -  
t e r l i n k e d  processes :  new c a p a c i t i e s  a r e  c r e a t e d  and o l d  capac i -  
t i e s  a r e  removed because of economic and/or t e c h n i c a l  obsolescence.  
New c a p a c i t i e s  may be added t o  e x i s t i n g  produc t ion  u n i t s  o r  may 
appear  i n  t h e  form of  new produc t ion  e s t ab l i shmen t s .  The removal 
of c a p a c i t i e s  occur  bo th  a s  s h u t  down of e n t i r e  p l a n t s  and r e -  
moval of equipment and p a r t s  of a  p l a n t .  I n  t h e  s eque l  we a t t empt  
t o  g i v e  a  cohe ren t  d e s c r i p t i o n  of t h e s e  p roces ses .  
Let  t denote  a  y e a r  and l e t  x . ( t )  be t h e  r e a l i z e d  produc t ion  
3 
a t  t h e  same p o i n t  i n  our  t ime s c a l e .  We may then  i n t r o d u c e  t h e  
fol lowing fundamental c o n s t r a i n t :  
where x. (t) denotes  t h e  a v a i l a b l e  c a p a c i t y  a t  t ime t. Suppose 
3 
t h a t  we can observe how t h e  c a p a c i t y  i s  changing over  t ime  s o  
t h a t  we can c a l c u l a t e  
- nx. (t) = x .  ( t )  - x - ( t - 1 )  
3 3 3 
where ~ x . ( t )  r e p r e s e n t s  t h e  n e t  change of  s e c t o r  j ' s  c a p a c i t y  
3 ( s e e  F igure  2 . 1 ) .  Consider nex t  t h e  removal c o e f f i c i e n t  r , ( t )  
J 
which shows t h e  f r a c t i o n  of  t h e  c a p a c i t y  xi( t -1)  which has  been 
J 
removed between year  t-1 and t. The t o t a l  removal i s  t hen  
r . t . 1 ) . Hence, t h e  g r o s s  change of c a p a c i t y ,  A;. ( t )  , be- 3 3 3 
comes 
Formula ( 2 . 4 )  shows t h a t  t h e  system may r e q u i r e  investments  which 
a r e  c r e a t i n g  new c a p a c i t y  a l s o  i n  s e c t o r s  which exper ience  a  de- 
c r e a s i n g  c a p a c i t y ,  i . e . ,  a  nega t ive  n e t  change of  c a p a c i t y .  
Consider now a  medium-term sequence of  yea r s  from t = 0 t o  
- 
t = T .  Let x . ( O ) ,  ..., x . ( T )  denote  t h e  pa th  showing how t h e  3 3 
c a p a c i t y  l e v e l  of s e c t o r  j i s  developing over  t h i s  sequence. 
Suppose n e x t t h a t  t h e  expected removal du r ing  t h e  t ime pe r iod  i s  
- - 
r . x .  ( 0 )  s a t i s f y i n g  
3 3 
capacity 1 - Ax. ( t)  3 
- 
x .  (t)  = capacity 
I 
r. (t)  = r a t e  of removal 
I 
Gj (t) = gross change of capacity 
&. (t) = net change of capacity 
I 
Figure 2.1. Capacity change, removal, and gross capaci.ty change. 
The total demand for gross capacity change then becomes 
- - 
nZj = xj (t) - (1 - r.) Z.  (0) 
3 3 
This gross capacity change will require deliveries of in- 
vestment goods, hij, from different sectors i to sector j so that 
where k is an investment coefficient showing the amount of de- i j 
liveries from sector i which is needed in order to produce one 
unit of capacity in sector j. Assuming that the capacity is in- 
creasing with a constant amount each period, t, we have for 
x (t) = Ax(t) + h (t) + c (t) that 
With this formulation the consistency gap in formula (2.1) has 
been filled. 
2 . 2 .  D i r e c t l y  and I n d i r e c t l y  Observed Var i ab l e s  
I n  terms of t h e  v a r i a b l e s  in t roduced  i n  Sec t ion  2 . 1 ,  t h i s  
paper  has  t h e  fo l lowing  aims: 
- e s t i m a t i o n  of x. ( t ) ,  A;. ( t ) ,  and r .  ( t )  , 1970-1980, f o r  
I 3 3 
I t a l y  (and p a r t l y  f o r  Tuscany) , and 
- e s t i m a t i o n  of investment  ma t r i ce s  K = {k 1 f o r  I t a l y  i j  
and i t s  two r eg ions .  
The in format ion  system a v a i l a b l e  has  on ly  made it p o s s i b l e  t o  
observe t h e  fo l lowing  v a r i a b l e s :  
x j  ( t)  = c u r r e n t  p roduc t ion  
L j  (t)  = c u r r e n t  employment 
I .  ( t)  = F p i  l t )  ki A ? .  ( t + l )  = c u r r e n t  purchase  of I 1 3 ( 2  - 8 )  - 
c a p i t a l  equipment i n s t a l l e d  i n  s e c t o r  j  
H i ( t )  = Z p i ( t )  k i j  ~ z . ( t + l )  = c u r r e n t  va lue  of 
3 I 
d e l i v e r i e s  of investment  goods from s e c t o r  
i. 
where p . ( t )  denotes  t h e  p r i c e  l e v e l  i n  s e c t o r  i. For some of 
1 
t h e s e  v a r i a b l e s ,  in format ion  has  only been a v a i l a b l e  w i th  regard  
t o  aggrega tes  of s e c t o r s ,  c e r t a i n  y e a r s  and r eg ions  du r ing  t h e  
per iod  1970-1980. 
The r e l a t i o n  between c u r r e n t  p roduc t ion  and a v a i l a b l e  
c a p a c i t y  may be s p e c i f i e d  a s  fo l lows:  
x .  ( t)  = u .  ( t)  x. ( t)  , 
1 3 3 
where u . ( t )  denotes  t h e  degree  of c a p a c i t y  u t i l i z a t i o n .  
3 
Let u s  now assume t h a t  we can observe t h e  c r e a t i o n  of new 
c a p a c i t y  each y e a r .  Using a  f i x e d  p r i c e  system such t h a t  
F i ( t )  = 1 f o r  a l l  i f  we may form an aggrega te  marginal  c a p i t a l  
o u t p u t  r a t i o ,  k  such t h a t  j ' 
This  formula p u t s  a  c o n s t r a i n t  on t h e  e s t i m a t i o n s  we s h a l l  make. 
Given a  pa th  { x . ( t ) ) ,  t h e  problem may be posed a s  a  s ea rch  f o r  
I 
two o t h e r  p a t h s ,  s .  ( t)  and r .  ( t ) ,  such  t h a t  
3 3 
- 
s .  ( t)  . - 1  = r .  ( t )  . - 1  + [F.  ( t )  - x j  ( t - I ) ]  
3 3 3 3 3 (2 .11)  
where s . ( t )  x. ( t - 1 )  = A;. ( t)  . I n  o r d e r  t o  f u l f i l l  t h i s  t a s k  w e  3 3 3 
have t o  make u s e  of c e r t a i n  e l e m e n t s  f r o m p r o d u c t i o n  t h e o r y ,  which 
are i n t r o d u c e d  i n  t h e  n e x t  s e c t i o n .  
3 .  PRODUCTION THEORY: CHANGES I N  CAPACITY AND PRODUCTIVITY 
A p r o d u c t i o n  u n i t  may be  c h a r a c t e r i z e d  by i t s  d i f f e r e n t  
t y p e s  of  d u r a b l e  r e s o u r c e s  such  a s  (i) b u i l d i n g s  and c o n s t r u c -  
t i o n s ,  (ii) machinery ,  equipment and p r o d u c t i o n  t e c h n i q u e s ,  (iii) 
s k i l l  o f  t h e  l a b o r  f o r c e  ( i n c l u d i n g  management),  and ( i v )  o u t p u t  
mix, e t c .  The compos i t ion  o f  such r e s o u r c e s  w i l l  g e n e r a l l y  v a r y  
between u n i t s  i n  t h e  same s e c t o r .  With a v i n t a g e  p r o d u c t i o n  
t h e o r y  a d h e r i n g  t o  t h e  p u t t y - c l a y  t r a d i t i o n  ( S a l t e r  1960, 
Johansen 1 9 7 2 ) ,  one may c a p t u r e  s o m e b a s i c  f e a t u r e s  d i s t i n g u i s h -  
i n g  d i f f e r e n t  u n i t s  from each  o t h e r .  I n  p a r t i c u l a r ,  one  shou ld  
emphasize t h a t  each  p r o d u c t i o n  u n i t  u s u a l l y  h a s  (i) a f i x e d  lo -  
c a t i o n ,  (ii) a n  upper  c a p a c i t y  bound which i s  g i v e n  i n  t h e  s h o r t -  
r u n  and which can  o n l y  be  changed by means of  i n v e s t m e n t s ,  and 
(iii) a g i v e n  p r o d u c t i o n  t e c h n i q u e  implying approx imate ly  f i x e d  
i n p u t - o u t p u t  r e l a t i o n s .  W e  s h a l l  i l l u s t r a t e  t h e s e  p r o p e r t i e s  
w i t h  t h e  h e l p  of  p r o d u c t i o n  d a t a  r e f e r r i n g  t o  t h e  Swedish indus-  
t r y .  
3 .1 .  P r o d u c t i v i t y  P a t t e r n  i n  a  S e c t o r  
Cons ide r  a p r o d u c t i o n  u n i t  k  i n  s e c t o r  j .  L e t  zk ( t )  d e n o t e  3 
i t s  c a p a c i t y  and l e t  t h e  v e c t o r  {ak  ( t )  1 d e n o t e  i t s  i n p u t  re- 
k  i j  qu i rements  and l . ( t )  i t s  l a b o r  i n p u t  r e q u i r e m e n t  p e r  u n i t  o f  
3 
o u t p u t .  T h i s  means t h a t  
k  k  k  
x .  ( t )  < min { ~ k  ( t )  , L j  ( t ) / l j  ( t )  1
3 - 3 
Hence, p r o d u c t i o n  canno t  exceed t h e  c a p a c i t y  g i v e n  by t h e  t e c h n i -  
ca l  d e s i g n  of  a n d t h e e q u i p m e n t  i n s t a l l e d  i n  t h e  u n i t .  Moreover,  
k  i f  t h e  number of employed, ~ ! ( t )  i s  less t h a n  ~ k ( t )  = 1. (t)  F ~ ( ~ ) ,  
3 3 3 3 
t h e  l a b o r  c o n s t r a i n t  becomes a c t i v e .  
k The coefficients ak (t) and 1. (t) may be changed gradually i j I 
due to learning by doing effects. Such processes tend to be slow 
relative to the changes which are caused by investments. The 
latter bring new capacity into the unit and renew the production 
technique of the unit. In the absence of investments, the input 
coefficients are almost fixed in a medium term perspective. This 
also implies that the distribution of productivity in a sector 
does not change. The labor productivity pk of unit k in sector j ' 
j is 
The observed average productivity at time t has the form 
Let 
k k+ 1 
ana let k = 1,2, ..., be an ordered sequence such that p 
> pj j 
for all k. Then the following sequence of pairs 
define a normed productivity curve. Figure 3..1 illustrates such 
curves for three different years. The curves describe the ob- 
served productivity pattern of the Swedish chemical industry. 
The productivity measure used is value added per person employed, 
which is defined by 
Figure 3.2 contains essentially the same information as 
Figure 3.1. It describes two productivity curves for the chemi- 
cal industry (1978 and 1985) based on a simultaneous time. series, 
cross sectional estimation (1968-1978) of the following continu- 
ous productivity function 
Figure 3.1 . Observed productivity curves of the chemical 
industry in Sweden (1968, 1974, and 19781, 
fixed prices ( 1  975) . (Source: Industrial 
Statistics of Sweden, SCB, unpublished.) 
Percent  of number employed = a  
Note: The e l a s t i c i t y  func t ion  is  [ d ~ / d i ]  [;/a]. 
F i g u r e  3 . 2 .  C o n t i n u o u s  p r o d u c t i v i t y  a n d  e l a s t i c i t y  f u n c t i o n s  
o f  t h e  c h e m i c a l  i n d u s t r y ,  Sweden 1968-1978.  
which may a l s o  be w r i t t e n  a s  
o = exp ~ ~ , t l /  + exp [ ~ ( S ~ , t ) l  1 
where A ( j  , t )  = a. + a  ii + a 2 t ,  t deno t e s  t i m e  and a i s  t h e  j 1 j 
p r o p o r t i o n  o f  p e r so n s  em.ployed i n  u n i t s  w i t h  a  p r o d u c t i v i t y  which 
i s  h i g h e r  o r  e q u a l  t o  ii 
1. 
The e s t i m a t e d  pa ramete r s  s a t i s f y  
a  > 0,  a l  < 0 ,  a 2  > 0 .  When t h e  extreme v a l u e s  a > 0.999 and 0  - 2  ji - > 300 a r e  e l i m i n a t e d ,  t h e  R -va lue  e q u a l s  0.89 i n  t h e  c a s e  de-  
d e s c r i b e d  by F i g u r e  3.2.  
E s t i m a t e s  based on Swedish d a t a  f o r  a  v a r i e t y  of s e c t o r s  
and g e o g r a p h i c a l  d i s a g g r e g a t i o n s  e x h i b i t  a  s i m i l a r  deg ree  of i n -  
variance..  Th i s  i n d i c a t e s  a  s t r u c t u r a l  cons tancy  of t h e  produc- 
t i v i t y  p a t t e r n  i n  a  s e c t o r .  
3.2. The Cap ac i t y  Removal P rocess  
I n  t h e  a n a l y s i s  of  p roduc t i on  u n i t s  t h e  g r o s s  p r o f i t  p e r  
u n i t  o u t p u t ,  p l a y s  a  c e n t r a l  r o l e  ' j 
I n  s t y l i z e d  v e r s i o n s  o f  v i n t a g e  t h e o r y  it i s  assumed t h a t  (i) t h e  
p r o d u c t i on  i s  co n t i n u ed  i n  a  u n i t  w i t h  t e chn ique  ( v i n t a g e )  k a s  
long  a s  pk remains  p o s i t i v e ,  and (ii) t h e  u n i t  i s  s h u t  down o r  
3 
sc rapped  when Bk becomes n e g a t i v e .  j 
Empir ica l  a n a l y s e s  of  Swedish i n d u s t r i a l  e s t a b l i s h m e n t s  sug- 
g e s t  t h e  f o l l o w i n g  d e s c r i p t i o n  o f  t h e  c a p a c i t y  removal p roce s s .  
For  a  g iven  p r o d u c t i o n  u n i t  o r  group of  u n i t s  w i t h  t h e  same pro-  
d u c t i o n  t e ch n i q u e  t h e  p r o b a b i l i t y  of  removal i s  (i) p o s i t i v e  a l s o  
f o r  u n i t s  w i t h  p o s i t i v e  p r o f i t s ,  and (ii) i n c r e a s i n g  a s  t h e  
p r o f i t  i s  d e c r e a s i n g .  However, a l s o  among t h e  set  of u n i t s  w i t h  
n e g a t i v e  p r o f i t s  t h e  r a t i o  between annua l l y  removed and remain- 
i n g  c a p a c i t i e s  i s  less t h a n  u n i t y .  
I n  o r d e r  t o  d e s c r i b e  t h e  f requency  o f  removal ,  l e t  
denote  t h e  wage s h a r e  of  v a l u e  added f o r  u n i t s  w i t h  t e chn ique  k .  
Obviously ,  wk w i l l  be i n c r e a s i n g  a s  g r o s s  p r o f i t s  p e r  u n i t  o u t p u t  j 01 i s  d e c r e a s i n g .  Moreover, wk > 1 i m p l i e s  gk < 0 .  F i g u r e  3 . 3  j j  
i l l u s t r a t e s  how t h e  removal r . ( w . )  i n c r e a s e s  e x p o n e n t i a l l y  ( i n  an  
3 3  
i n t e r v a l  around w = 1 )  a s  t h e  wage s h a r e  i n c r e a s e s .  Func t i ons  j 
o f  t h e  t ype  i l l u s t r a t e d  i n  t h e  two f i g u r e s  have been e s t i m a t e d  
f o r  2 0  Swedish i n d u s t r y  s e c t o r s .  These f u n c t i o n s  have t h e  fo l low-  
i n g  form 
u I - 
r . ( u . )  = 8 .  exp  [ 6 .  ( w  3 3 3 3 j - W j ) l  
where 6' 6' and o a r e  p o s i t i v e  pa r ame te r s ,  and where w i s  t h e  1' 1' 1 j 
r e a l i s e d  wage s h a r e  o f  a  p roduc t i on  u n i t .  
3 . 3 .  The Capac i ty  I n c r e a s i n g  P roces s  
New c a p a c i t i e s  may e n t e r  i n t o  a  s e c t o r  i n  two d i f f e r e n t  
ways. A new c a p a c i t y  may e n t e r  i n  t h e  form o f  a  new p roduc t i on  
u n i t .  I t  may a l s o  e n t e r  a s  t h e  r e s u l t  of  t h e  fo l l owing  composi te  
p r oce s s .  A new c a p a c i t y  i s  added t o  t h e  c a p a c i t y  of  one a l r e a d y  
e x i s t i n g  p roduc t i on  u n i t ;  s imu l t aneous ly  some o l d  c a p a c i t y  may 
be removed from t h e  u n i t .  
Before  c o n t i n u i n g ,  l e t  u s  i l l u s t r a t e  a  p roduc t i on  t e c h n i q u e  
w i t h  t h e  h e l p  o f  F i g u r e  3 . 4 .  The f i g u r e  u t i l i z e s  a  normal ized 
p r i c e  system pi = 1 f o r  a l l  i. Such a  p r i c e  system can  always 
be o b t a i n e d  by s e l e c t i n g  a  s u i t a b l e  s c a l e  f o r  measur ing t h e  quan- 
t i t y  of  each s e c t o r ' s  o u t p u t .  I t  i s  t h e n  obvious t h a t  t h e  p r o f i t  
p e r  u n i t  o u t p u t ,  6;. i s  i n c r e a s e d  by means of a  t e c h n i c a l  change 
k  
which r educes  t h e i n p u t s ,  I a i j ,  and t h e  l a b o r  i n p u t  c o e f f i c i e n t  
lk f o r  a  g i v e n  wage l e v e l ,  w which i s  measured r e l a t i v e  t o  j 1  j ' 
t h e  s e l e c t e d  p r i c e  sys tem.  
' ~ l t e r n a t i v e l ~ ,  w e  may w r i t e  
k  0 1 k  
r = 6 j  exp [ 6 .  ( U  - G . ) ]  j I j I 
Annual remova1.r 
Frequency in 
percent 
1 0 : 7 5  ' v 1.05 a = wage share 
F i g u r e  3 . 3 .  Removal f u n c t i o n s  f o r  two i n d u s t r i a l  s e c t o r s ,  Sweden 
1969-3 977. 
Value of output 
= 1 for all i 
ak = input coefficient i j 
lk = Labor input coefficient 
I 
w . = wage leve 1 
I 
k B .  = gross profit per unit output 
I 
Value 
Value 
of inputs 
added 
F i g u r e  3 . 4 .  I l l u s t r a t i o n  o f  a p r o d u c t i o n  t e c h n i q u e .  
Given t h e  assumpt ions  behind F i g u r e  3.4 one may conc lude  
t h a t  a  r e d u c t i o n  of I a k j  and/or  of lk w i l l  i n c r e a s e  t h e  v a l u e  j  
added p e r  p e r so n  employed. For  a  g i v e n  wage l e v e l ,  t h i s  w i l l  
a l s o  i n c r e a s e  t h e  p r o f i t  p e r  pe r son  employed. 
Consider  t h e  c a p i t a l  c o e f f i c i e n t ,  k  which i s  i n t r oduced  j ' 
i n  formula  ( 2 . 1 0 ) .  With o u r  normed p r i c e  system and w i t h  t h e  
f i x e d  c o e f f i c i e n t  k  t h e  r a t i o  between g r o s s  p r o f i t s  and i n v e s t -  j '  
ment c o s t s  becomes 
where * d e n o t e s  a  t e ch n i q ue  a s s o c i a t e d  w i t h  a  new c a p a c i t y .  B e s t  
p r a c t i c e  may i n  t h i s  c o n t e x t  be i n t e r p r e t e d  a s  t h e  combinat ion 
* 1 
of l *  and a f  c o e f f i c i e n t s  which makes B . /k  a s  l a r g e  a s  p o s s i b l e  . j I j 
For a  market  economy i n  which t h e  wage l e v e l  i s  i n c r e a s i n g  r e l a -  
t i v e  t o  p r i c e s ,  t e c h n i c a l  development t e n d s  t o  g e n e r a t e  b e s t  
* 
p r a c t i c e  s o l u t i o n s  such t h a t  1 i s  d e c r e a s i n g  o v e r  t i m e .  j 
L e t  F i g u r e  3.5 d e s c r i b e  t h e  p r o d u c t i v i t y  s t r u c t u r e  ove r  d i f -  
f e r e n t  c a p a c i t i e s  i n  e i t h e r  a  s e c t o r  o r  a  s i n g l e  p roduc t i on  u n i t .  
F o r  bo th  t h e s e  c a s e s ,  t h e  f i g u r e  i l l u s t r a t e s  how t h e  i n t r o d u c t i o n  
* * 
of a  c a p a c i t y  w i t h  t h e  p r o d u c t i v i t y  p = 1 / 1  and t h e  removal of  
0 
a n  o l d  c a p a c i t y  p = 1/1° s imul taneous ly  i n c r a a s e  t h e  average  
p r o d u c t i v i t y  of  t h e  s e c t o r  o r  t h e p r o d u c t i o n  e s t a b l i s h m e n t .  The 
* 
o n l y  t h i n g  we have t o  assume i s  t h a t  p i s  h i g h e r  and p0 lower 
t h a n  t h e  average  p r o d u c t i v i t y .  
3 .4 .  Composite E f f e c t s  o f  Inves tments  and Capac i ty  Change 
L e t  t h e  av e r ag e  g r o s s  p r o f i t  of  s e c t o r  j ,  B j ,  be d e f i n e d  
from t h e  formula  ( 3 . 6 )  a s  f o l l ows  
and l e t  t h e  a s s o c i a t e d  a r t i f i c i a l  p roduc t i on  t e chn ique  of  s e c t o r  
... 
- 
j be Z l j , . . . , a  1 
n j '  j .  Next l e t ,  from formula  (2 .  l o ) ,  k  = C pi k .  . j 1 j  
I Observe t h a t  w e  i m p l i c i t l y  assume i n v a r i a n t  pay-back pro- 
f i l e s  (and d u r a b i l i t i e s )  f o r  d i f f e r e n t  p o t e n t i a l  t e chn iques .  
Best availab 
p rac t i ce  
technology 
Employment 
New capacity 
Removal 
1 
b 
Figure 3.5. Capacity changes in a sector or a production unit. 
In the framework introduced in Section 2 we have assumed that at 
a given time k j = kj(p), p = (pl . . . . .pn) , describes the costs of 
a unit of new capacity with best practice technology. Suppose 
that one may also invest in the average technique at the cost 
w - * 
k = kj (p) 5 kj (p) . Now, let B be the profit per unit output j j 
using best practice. Then, profit-maximizing behavior implies 
selecting the best practice if 1 
* - 
which implies that (3 > Bj. We may also express this condition j 
 his assumes no differences in terms of durability, etc. 
which means that investment in new capacity embodies an increase 
in the value added per person. Formula (3.11) implies that 1, 
* * J 
can be less than 1 only if C p. (a  - a ) > 0 .  Hence, without i 1 ii i j 
further assumptions we cannot make any definite conclusions as 
- * 
regards the relation between 1 and 1 j j ' Therefore, we have to 
make use of the observation that technological change of a 
* 
sector has a bias such that 1; is decreasing over time while 
* * J 
C pi(aij - a ) remains close to zero, usually with a negative ij 
sign. 
Figure 3.6 illustrates the change pattern of the technology 
of a sector for which the productivity pattern has been divided 
into four equal segments, I, ..., IV, of the total value added in 
the sector. Capacity changes in each such segment generates the 
following change pattern as the normal case: 
0. = Intermediary i n p u t s  
3 
f = Value added j 
Figure 3.6. Illustration of the productivity pattern in a sector. 
- - mj - 1 pi aij/lj increases 
- f = (p, - $,)/lj increases 
j 
Since this implies that p./l increases for p kept constant, it 
I j j 
also implies that l/li is increasing. Table 3.1 illustrates 
2 
such a change process in the Swedish manufacturing industry. 
A similar pattern as shown in Figure 3.6  may also be veri- 
fied for disaggregated sectors, for which the computation of 
fixed prices becomes more relaible. The productivity change in 
the lower segment of the curve IV in Figure 3 .6  is, to a large 
extent, caused by removal of capacities with low productivity. 
Table 3.1. Productivity changes in the Swedish manufacturing 
industry 1 9 6 8 - 1 9 7 9 .  
Segments of the 
productivity curve 
- - p - - - - 
Annual increase in percent of 
I 0 .7  0 . 7  1.8 
I1 2.6 2 . 5  2 .5  
111 2.6 3 . 0  2 .4  
I V  2.7 3 .0  2.8 
Source: Johansson ( 1  9 8 2 )  . 
3.5. Basic Assumption About Capaci ty  Change 
Let  t h e  fo l lowing  t h r e e  l abo r  i n p u t  c o e f f i c i e n t s  of capac i -  
t i e s  i n  s e c t o r  j have t h e  fo l lowing  meaning 
1; = b e s t  p r a c t i c e  technique  
k k  1 = C 1 .  x . / C  xk which r e f e r s  t o  t h e  average technique  j k 1 1 k j  
lo = t echnique  i n  removed c a p a c i t i e s  
I  
Based on t h e  o b s e r v a t i o n s  presen ted  i n  Sec t ions  3.1 - 3.4,  we 
s h a l l  assume t h a t  t h e  fo l lowing  r e l a t i o n s h i p  ho lds  over  t ime 
I n  t h e  fo l lowing  s e c t i o n s  we s h a l l  use  t h i s  a s sumpt ion , to  
e s t i m a t e  c a p a c i t y  changes from obse rva t ions  on c u r r e n t  p roduc t ion  
and employment over  t ime.  To i l l u s t r a t e  t h e  s t r u c t u r e ,  cons ide r  
t h e  fo l lowing  n o t a t i o n s :  
L = c u r r e n t  employment j 
- k  -k 
L = 1 1. x .  denotes  employment a t  f u l l  c a p a c i t y  j I I 
u t i l i z a t i o n  
p = c u r r e n t  average p r o d u c t i v i t y  j 
xj  ( t )  = c u r r e n t  p roduc t ion  
Using (3.13) one may s t a t e  t h a t  
- 
r .  ( t )  > 0 => p .  ( t )  > yj ( t - I )  I  I  
- 
x .  ( t )  > x. ( t - 1 )  => p .  ( t )  > F. ( t - 1 )  
1 I  3 3 
Moreover, t h e  c a p a c i t y  u t i l i z a t i o n  u .  ( t )  i n t r oduced  i n  formula  
3 (2 .9 )  must s a t i s f y  t h e  f o l l owing  i n e q u a l i t y  which f o l l o w s  
d i r e c t l y  from (3 .14) :  
CALCULATIONS OF CAPACITY CHANGE I N  SECTORS 
I n  t h i s  s e c t i o n  t h e  b a s i c  assumpt ions  and conc lu s ions  from 
t h e  p reced ing  s e c t i o n s  a r e  u t i l i z e d  t o  f o rmu la t e  methods by which 
removal r a t e s ,  c a p a c i t y  i n c r e a s e ,  and c a p a c i t y  u t i l i z a t i o n  l e v e l s  
can  be  c a l c u l a t e d .  The methods a r e  s e l e c t e d  i n  o r d e r  t o  make 
f u l l  u s e  of  t h e  a v a i l a b l e  d a t a  on t h e  I t a l i a n  economy d u r i n g  t h e  
p e r i o d  1970-1980. The u t i l i z e d  p rocedures  r e p r e s e n t  a  s y s t e m a t i c  
way t o  combine a v a i l a b l e  d a t a  ( obse rvab l e  v a r i a b l e s )  w i t h  con- 
s t r a i n t s  d e r i v e d  from p r o d uc t i on  t heo ry  i n  o r d e r  t o  i n d i r e c t l y  
de te rmine  unobserved v a r i a b l e s .  
4 .1 .  R i g i d i t i e s  i n  t h e  Adjustment of Employment 
C a p i t a l  equipment i n  a  p roduc t i on  u n i t  may be  regarded  a s  
a  f i x e d  f a c t o r  i n  t h e  s e n s e  t h a t  sho r t - t e rm  v a r i a t i o n s  i n  t h e  
o u t p u t  l e v e l  does  n o t  r e s u l t  i n  d e c i s i o n s  t o  change t h e  equipment.  
I n  many r e s p e c t s  a l s o  t h e  employment/labor f o r c e  of  an e s t a b l i s h -  
ment d i s p l a y s  such a  p r o p e r t y .  T h i s  t y p e  of  r i g i d i t y  was observed 
e a r l y  by Solow among o t h e r s  w i t h  r e g a r d  t o  t h e  American economy 
d u r i n g  t h e  1950s .  
T h i s  p r o p e r t y  may be analyzed o r  unders tood i n  t h e  fo l low-  
i n g  way. A change i n  market  demand a f f e c t s  t h e  p roduc t i on  l e v e l  
w i t h  a  compara t ive ly  s h o r t  d e l a y  o r  l a g .  T h i s  r e sponse  t o  market  
v a r i a t i o n s  t a k e s  t h e  form of a  c y c l i c  p a t t e r n  of c u r r e n t  produc- 
t i o n .  The ad jus tment  o f  t h e  employment l e v e l  i s  a  much s lower  
p r o c e s s .  When t h e  demand i s  f a l l i n g  t h e  l a b o r  f o r c e  i s  u s u a l l y  
reduced s o  s lowly  t h a t  t h e  demand has  s t a r t e d  t o  r ise  a g a i n  b e f o r e  
t h e  i n i t i a l  e f f e c t  on employment ha s  become s i g n i f i c a n t .  There- 
f o r e ,  t h e  employment v a r i a t i o n s  e x h i b i t  much s m a l l e r  amp l i t udes  
t h a n  p r o d cu t i o n  and c a p a c i t y  u t i l i z a t i o n .  
F i g u r e  4.1 i l l u s t r a t e s  t h e  d i f f e r e n c e  between p roduc t i on  
and employment w i t h  r e g a r d  t o  annua l  v a r i a t i o n s .  The two cu rves  
have been c a l c u l a t e d  by means o f t h e  fo l l owing  formula :  
where ( t)  r e p r e s e n t s  t h e  c a l c u l a t e d  c u r v e ,  where y  (t) i s  t h e  
a c t u a l l y  observed v a r i a b l e  and where y * ( t )  i s  t h e  e s t i m a t e d  
l i n e a r  t r e n d .  
F i g u r e  4.1 r e f e r s  t o  t h e  economy a s  a  whole. However, t h e  
same p r o p e r t y  a s  t h a t  i l l u s t r a t e d  ha s  a l s o  been v e r i f , i e d  by ob- 
s e r v a t i o n s  f o r  t h e  i n d i v i d u a l  s e c t o r s  o f  t h e  economy. The r e l a -  
t i v e l y  s een  s m a l l  v a r i a t i o n  i n  employment s u g g e s t s  t h e  f o l l o w i n g  
approach.  Given i n f o r m a t i o n  abou t  v . ( t )  a s  s p e c i f i e d  i n  fo rmula  3 
( 3 . 1 3 ) ,  t h e  c u r r e n t  c a p a c i t y  i s  c a l c u l a t e d  a s  f o l l o w s :  
4.2. P r o d u c t i o n ,  Employment, and P r o d u c t i v i t y  
- 
The f u l l  c a p a c i t y  i n d i c a t o r  of p r o d u c t i v i t y ,  p j ( t ) ,  p l a y s  
a  fundamental  r o l e  i n  o u r  e s t i m a t i o n  p rocedure .  The observa .b le  
v a r i a b l e s  a r e  x . ( t ) ,  L j ( t ) ,  and p . ( t )  = x . ( t ) / L . ( t ) .  Theobserva-  
3 3 3 3 
t i o n s  w i t h  r e g a r d  t o  t h e  I t a l i a n  economy a s  a whole a r e  made f o r  
t h e  p e r i o d  1970-1980 and cove r s  41 s e c t o r s .  With r e g a r d  t o  Tuscany 
t h e  number o f  s e c t o r s  i s  31 and t h e  p e r i o d  i s  1974-1978. 
Using t h e  assumpt ion t h a t  c.  ( t)  > . 1  and formula  (4 .2)  
3 - 3 
one may c o n s t r u c t  a n  upper enve lope  w i t h  r e g a r d  t o  t h e  f u l l  
c a p a c i t y  p r o d u c t i v i t y  i n d i c a t o r  i n  t h e  f o l l o w i n g  way: 
- 
U .  (t)  = max [ v .  ( t - 1 )  , p j  ( t ) ]  3 3 
Such an  envelope r e f e r r i n g  t o  a  s i n g l e  s e c t o r  i s  d e p i c t e d  i n  
F i g u r e  4.2. 
product ion  
--------- employment 
* 
Note: The r e s i d u a l s  a r e  measured a s  I x ( t )  - * , where x ( t )  i s  t h e  
x (t) 
* 
observed va lue  i n  year  ( t)  and x ( t )  is  t h e  es t imated  t r e n d  va lue  
t h e  same year .  
Figure 4.1. Employment and production in the Italian economy: 
standardized, absolute residuals from the trend 1 9 7 4  
1974 -1  9 8 1  . 
F i g u r e  4.2. The r e l a t i o n  between maximum o r o d u c t i v i t y  and ob- 
s e r v e d  p r o d u c t i v i t y  i n  t h e  s e c t o r  Other  T ranspo r t  
Equipment i n  I t a l y .  
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4.3. The Development o f  Capac i ty  C o n s t r a i n t s  i n  S e c t o r s  
C ----- --- - p (t) = productivity year (t) 
A 
= p ( t )  = possible productivity year (t) 
-- 
--. 
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U t i l i z i n g  formula  4.3 t h e  development of  p roduc t i on  capac i -  
t i e s  i n  each  s e c t o r  has  been c a l c u l a t e d  f o r  4 1  s e c t o r s  o f  t h e  
I t a l i a n  economy. For  one  s e c t o r ,  c o a l  p roduc t s  (number 2 ) ,  a  
smoothing p rocedure  h a s  been used.  I n  p a r t i c u l a r  d u r i n g  t h e  
f i r s t  h a l f  of  t h e  p e r i o d  1970-1980, t h i s  s e c t o r  shows a  ve ry  
r a p i d  f a l l  i n  p r o d u c t i v i t y .  T he re fo r e ,  t h e  c a l c u l a t i o n  of  c . ( t )  
I 
f o r  t h i s  s e c t o r  h a s  been made i n  t h e  fo l l owing  way: 
- 
max I;. ( t - 1 )  , p j  ( t )  I i f  A p .  ( t )  > 0 I 7 - ( 4 . 4 )  
P .  ( t)  = I - max imax [c. ( t - 1 ) .  . . . , p j  ( t - 5 ) l  ; p j  ( t )  1 i f  Apj  ( t )  < 0  
I 
Thi s  means t h a t  i f  t h e  p r o d u c t i v i t y  c o n t i n u e s  t o  f a l l  f o r  more 
t h a n  f i v e  y e a r s ,  it i s  recorded  a s  a  f a l l  i n  t h e  i n d i c a t o r  of 
t h e  f u l l  c a p a c i t y  p r o d u c t i v i t y .  I n  f a c t ,  i n  t h i s  ve ry  c a s e  w e  
have r e j e c t e d  t h e  hypo thes i s  t h a t  ~ r . ( t )  > 0. However, t h e  pro- 
I - 
cedure  a p p l i e d  i n  ( 4 . 4 )  r e q u i r e s  q u i t e  " s t r o n g  ev idence , "  b e f o r e  
an  observed f a l l  of  p r o d u c t i v i t y  i s  recorded  a s  a  d e f i n i t e  f a l l .  
The c h o i c e  of t h e  l a g  s t r u c t u r e  i n  t h i s  c a s e  i s  based on ad  hoc 
c o n s i d e r a t i o n s .  
The c a l c u l a t i o n  method s p e c i f i e d  i n  (4 .3 )  r e p r e s e n t s  a  
p r i m i t i v e  b u t  s y s t e m a t i c  way of  d e t e c t i n g  e x i s t i n g  c a p a c i t y  con- 
s t r a i n t s  a t  each  p o i n t  i n  t i m e ,  g i v e n t h e a v a i l a b l e  d a t a .  The 
method r e q u i r e s  t h a t  t h e  t i m e  series i s  n o t  t o o  s h o r t ,  s i n c e  
formula  (4 .3)  de t e rmines  t h e  envelope s e q u e n t i a l l y  ove r  t i m e .  
One should  observe  t h a t  t h e  c a p a c i t y  u t i l i z a t i o n  g e n e r a l l y  v a r i e s  
w i t h i n  a  y e a r  a s  i n d i c a t e d  by F igu re  4.3. The re fo re ,  t h e  ca l cu -  
- 
l a t e d  c a p a c i t y  v a l u e ,  x j ( t ) ,  does  n o t  r e p r e s e n t  t h e  maximum pro- 
d u c t i o n  l e v e l  from a  t e c h n i c a l  p o i n t  o f  view. It  t e n d s  i n s t e a d  
t o  r e p r e s e n t  t h e  p roduc t i on  a t  t h e  "normal c a p a c i t y  u t i l i z a t i o n  
l e v e l " .  Hence, t h e  v a r i a b l e  h  i n  F i g u r e  4.3 s i g n i f i e s  t h e  nec- j  
e s s a r y  "ove rcapac i t y "  which must e x i s t  due t o  s e a s o n a l  v a r i a t i o n s .  
I I I I b 
one year Time 
Figu re  4.3. Normal c a p a c i t y  l e v e l  d u r i n g  a  yea r .  
In Appendix 4 we present capacity estimates for 1980 in 
Italy. They are calibrated with aggregate information recorded 
by the Statistical Bureau of Italy in order to reflect the maxi- 
mum production capacity, including the "overcapacity" illustrated 
by Figure 4.3. Table 4.1 describes for three periods the average 
annual change of the capacity level of each sector in the economy 
of Italy. As indicated by the estimates, the change process has 
been deviating considerably from a balanced growth path. The 
capacity development is calculated in relative terms according to 
the formula 
ax. /x 
I j 
4.4. Removal Rates and Capacity Changes 
The rate of removal in a single sector is specified in 
formulas (2.4) and (2.5) . Given a calculated capacity path, 
{xj (t)}, one may introduce a supplementing source of information, 
the sequence of investments {~.(t)), at fixed prices. As indi- 
3 
cated by formula (2.10), such a sequence determines the sequence 
1 (t) 1 for a given investment coefficient k . Rearranging j 
formula- (2.4) one obtains 
In order to avoid a detailed inquiry into the problem of 
lags between investments and installation of new capacities, the 
rate of removal has been calculated for periods of several years 
in the following way: 
l~iaschini (1 98 1 ) contains estimates of investment coeff i- 
cients of this type. 
Table 4.1.  Annual r e l a t ive  change of capacity f o r  sectors  of 
the I t a l i a n  economy. Average values fo r  three  
periods. 
Sector 1970 -1  9 8 0  1 9 7 0 - 1 9 7 5  1975 -1  9 8 0  
The removal rates specified in formula (4.6) have been cal- 
culated for three different time periods, I = 1970-1979, I1 = 
1970-1974, and I11 = 1975-1979. Table 4.2 describes the calcu- 
lated values r. (I), r. (11) , r. (111) , and r. (111) - r. (11) with 
3 3 3 3 3 
regard to Italy. For the main part of sectors the removal rate 
was higher during the first period. The average rate for the 
period 1970-1973 is close to nine percent. 
5. ESTIMATION OF CAPITAL COEFFICIENT MATRICES FOR ITALY AND 
TUSCANY 
This section describes a method for estimating capital 
coefficient matrices (K-matrices) containing marginal capital 
coefficients or, in other terms, investment coefficients, kij, 
of the kind introduced in formula (2.6). The calculations des- 
cribed in Section 4 provide one set of data input. Here we 
shall combine this set with available information about invest- 
ment flows and a priori given information about aggregate capi- 
tal coefficients to obtain a "least biased" estimate of K-matrices 
for Italy and Tuscany. The section contains a description of 
the estimation technique which may be compared with suggestions 
in Batten (1981). 
5.1. Information Sources for the Estimation 
The information available for the estimation of K-matrices 
referring to Italy as a whole differs considerably from the in- 
formation directly related to Tuscany. As a consequence of this, 
we first estimate a matrix for Italy. In a second step one may 
adjust this matrix to reflect any additional information avail- 
able for Tuscany. 
Different types of information has been available at differ- 
ent levels of aggregation. For Italy the objective is to con- 
struct a K-matrix with 41 sectors and for Tuscany a matrix with 
31 sectors. The degree of aggregation will, in the sequel, be 
signified by the term "n-sector level". 
T a b l e  4 . 2 .  C a l c u l a t i o n s  of t h e  ra te  of r e m o v a l  i n  d i f f e r e n t  
sectors of t h e  I t a l i a n  e c o n o m y ,  3 9 7 0 - 1 9 7 9 ,  p e r c e n t .  
rj (1) r .  (11) r. (111) r .  (111) - r .  (11) I I I I 
S e c t o r  1 9 7 0 / 7 9  1 9 7 0 / 7 4  1 9 7 5 / 7 9  
With regard to Italy, the following information has been 
available through direct observations or through indirect recon- 
structions of the type described in Section 4: 
Hi = investment goods delivered from sector i in 1975; 
41-sector level (2.8) 
I = the value of investment goods received by sector j; j 
23-sector level 1970-1979 (2.8) 
Iij = investment goods delivered from sector i to sector j 
in 1975; i = 1,. . . ,41; j = 1,. . . ,23 (2.6) 
- 
Ax = estimated capacity increment in sector j; 41-sector j 
level, 1970-1 980 (2.3) 
r = rate of removal in sector j, 41-sector level, 1970- j 
1980 (2.4) 
k ,  = calculations of the aggregate capital coefficient of 
3 
sector j based on information from 1970-1978, 23- 
sector level (2.10). 
All values are recorded at fixed prices (1975). 
5.2. Estimation of the K-Matrix for Italy 
Using the Iij information, a matrix of a -coefficients may i j 
be calculated as follows 
where a denotes the investment deliveries from sector i as a ij 
share of total investment deliveries per unit of capacity created 
in sector j. Using available k -estimates we can form the follow- j 
ing coefficients 
These coefficients are then obtained at the 23-sector level. 
Since these sectors are aggregates of the 41 sectors, we may for 
each sector j define a subindex j (h) such that j (1 ) , j (2) , . . . , 
signifies the disaggregation of sector j into subsectors on the 
1 41-sector l e v e l  . By s e t t i n g  aim(h) = ct we o b t a i n  t h e  ex- i m  
panded ki -matr ix  
The ma t r ix  K = ( k . . )  is  based on in format ion  from 1975 on ly .  I t  
1 I 
r e p r e s e n t s  ou r  a prior; e s t i m a t e .  U s i n g t h e a d d i t i o n a l  informa- 
* * 
t i o n  a v a i l a b l e  w e  s h a l l  form a  new ma t r ix  K = ( k . . )  by u t i l i z -  
1 I 
i ng  t h e  "minimum informat ion  p r i n c i p l e "  (Snickars  and Weibull 
The procedure r e q u i r e s  t h e  fo l lowing  s t e p s .  F i r s t ,  we 
s e l e c t  a  t i m e  pe r iod  c o n s i s t i n g  of f i v e  o r  10 y e a r s .  Given t h e  
s e l e c t e d  t i m e  pe r iod  t h e  fo l lowing  v a l u e s  a r e  determined: 
where 
and 
where k i j  i s  given  by ( 5 . 3 ) ,  Hi i s  given by d i r e c t  obse rva t ions  
f o r  1975, and where t h e  I ' s  a r e  based on obse rva t ions  on t h e  j 
 h he s e c t o r  c l a s s i f i c a t i o n  key i s  desc r ibed  i n  Appendix 1 .  
23-sector  l e v e l .  These o b s e r v a t i o n s  a r e  t r ans formed  t o  t h e  41- 
1 
s e c t o r  l e v e l  by means o f  a  b r i d g e  v e c t o r  . 
Given t h e  c a l c u l a t i o n s  i n  ( 5 . 4 ) - ( 5 . 7 ) ,  t h e  f o l l o w i n g  o p t i -  
m iza t i on  problem i s  fo rmula ted :  
s o  t h a t  
C w .  = I  j  f o r  a l l  j  i 11 
- 1 ui j  - Hi f o r  a l l  i i 
where t h e  I I s  and H i t s  a r e  c a l i b r a t e d  s o  t h a t  C Hi = C I The j j *  
a s s o c i a t e d  Lagrange f u n c t i o n  i s  
The s o l u t i o n  i s  o b t a i n e d  i n  e x p l i c i t  form by d i f f e r e n t i a t i n g  L 
w i t h  r e s p e c t  t o  w i j '  which y i e l d s  
- w = v  exp ( -  Bi y j  - 1 )  i j  i j  ( 5 . 9 )  
With s p e c i f i c  assumpt ions  about  t h e  unde r ly ing  p r o b a b i l i t y  
s t r u c t u r e ,  one may i n t e r p r e t  t h e  r e s u l t s  i n  (5 .9 )  a s  maximum 
l i k e l i h o o d  e s t i m a t e s  (see Sn icka r s  and Weibull  1977 ) .  From t h e  
* 
s o l u t i o n  i n  (5 .9 )  one o b t a i n s  t h e  k i j  c o e f f i c i e n t s  a s  
The d a t a  set  c u r r e n t l y  a v a i l a b l e  fo rTuscany  i s  v e r y  meager 
w i th  r e g a r d  t o  inves tment  f lows .  There fore  an  aggrega ted  31- 
s e c t o r  v e r s i o n  of  t h e  K-matrix, r e f e r r i n g  t o  I t a l y ,  has  been c a l -  
c u l a t e d  as  proxy f o r  a  Tuscany-matrix p roper .  
See Appendix 1 . 
6. REMARKS ON THE ESTIMATION RESULTS 
6.1. The 41-Sector K-Matrix 
The estimated 41-sector K-matrix is described in Appendix 
5.' The estimation result depends critically on the a p r i o r i  
given information about the aggregate investment coefficients k j . 
The calculation of removal rates in Table 4.2 may be regarded as 
a way to check the reliability of the a p r i o r i  coefficients. By 
combining (2.10) and (4.6) one can see that the removal rates, 
r are determined by the chosen values k as follows: j j 
Table 4.2 shows that the r -values are not remarkably high. At j 
the same time one must admit that both the a p r i o r i  values k 
j 
and the final values k* = C kfj are comparatively low. j 
In Table 6.1 the coefficients k* are compared with similar 
3 
estimates from Swedish data. Moreover, the table contains a 
calculation of the investment coefficients which obtains if the 
removal is zero in each sector. In that case, formula (6.1) 
yields aggregate coefficients = I ./Ax j 3 j' These values repre- 
sent the maximum level which the coefficients can reach, given 
that they shall be consistent with observed investment flows I j .  
Table 6.2 illustrates the aggregate investment coefficients 
of the 31-sector K-matrix which refers to Tuscany and the rest 
of Italy. 
6.2. Accelerator Relations Between Sectors 
The relation between a sector receiving investment goods 
and the sectors delivering these goods is an accelerator connec- 
tion. The receiving sector accelerates the growth process by 
demanding investment goods from the capital goods producing 
1 The algorithm utilized for solving the estimation model in 
(5.8) is developed by ~Akan Persson and is described in Andersson 
and Persson (1982). 
2 ~ h e  Swedish coefficient matrix has the dimension 28 x 28. 
This means that in several cases the Swedish sector has to repre- 
sent several sectors in the Italian matrix. 
Table 6.1. Aggregate capital coefficients. 
Estimation 
outcome Maximum 
coefficient Swedish 
Sector kf value coefficient 
Table 6.2. Aggregate capital coefficients of the 
31-sector K-matrix. 
- - 
Sector 
* 
Coefficient = ki 
sectors. When the demand for capacity varies over time, this 
type of sectoral connection represents a strongly destabilizing 
factor. Table 6.3 depicts the accelerator couplings which ex- 
hiblt a strong connection, 
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6.3. The Bi-Regional K-Matrices 
Let K be the estimated 31-sector K-matrix intended to be ap- 
plied to both Tuscany and the rest of Italy. Moreover, let x 1 
and x2 denote the production in the two regions, respectively. 
The associated gross capacity change is denoted by A;' and Ak2. 
Before proceeding we have to observe that only a fraction a i ' 
1 - > a > 0, of the investment goods delivered from sector i to i - 
sectors in region 1 have their origin in the same region. The 
remaining fraction (1 - ai) has its origin in region 2. Hence, 
we may define 
a = the share of investment goods of type i delivered to i 
sectors in region 1 which are also produced in the 
same sector (6.2) 
Bi = the share of investment goods of type i delivered to 
sectors in region 2 which are also produced in the 
same region. 
0 and ai,Bi < 1. By <a>, < 8 > ,  <l-a>, and Naturally, ai , Bi - -
<I-@> we denote diagonal matrices with ail Bit 1 - a  and 1 - if 'i 
as elements. 
According to the assumption in (6.2) a gross capacity in- 
crease, A will generate the following demand in region 1 for 
investment deliveries from region 1 and 2 respectively. 
<~>KAz' = demand in region 1 
<l-a>~Ak' = demand in region 2 
The demand generated by Az2 can be specified analogously. The 
full bi-regional investment matrix must therefore have the fol- 
lowing form 
The aggregate coefficients of the K-matrix in (6.4) are presented 
in Table 6.2. 
Finally observe that if we are able to specify matrices [a] 
and [ f31 with off-diagonal elements different from zero, then this 
presupposes the availability of information detailed enough to 
estimate K-matrices of the type containing investment coef- 
ficients for deliveries between regions r and s. In that case 
(6.4) becomes 
If no distinction is made between bi-regional trade of goods 
for (i) intermediary use, (ii) investment, and (iii) consumption, 
one may use an overall trade matrix. This is the approach fol- 
lowed in the Tuscany case study and therefore the bi-regional 
capital coefficient matrix becomes 
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APPENDIX 3 :  SECTOR CLASSIFICATIONS 
The 41-sector classification for Italy has the following 
structure: 
Agr icu l tu re ,  f o r e s t r y  f i s h i n g  
Coal 
Coke 
Petroleum, g a s ,  r e f i n i n g  
E l e c t r i c i t y ,  g a s ,  water  
Nuclear f u e l s  
Fer rous ,  non-ferrous o r e s  
Non-metal mine ra l s ,  m ine ra l  
p roducts  
Chemical p roducts  
Metal p roducts  
A g r i c u l t u r a l  and i n d u s t r i a l  
machinery 
Of f i ce ,  p r e c i s i o n ,  and o p t i c a l  
ins t ruments  
E l e c t r i c a l  goods 
Motor v e h i c l e s  
Other t r a n s p o r t  equipment 
Meat 
Milk 
Other foods 
Non-alcoholic and a l c o h o l i c  
beverages 
Tobacco 
T e x t i l e s  
Leather  and shoes 
Wood and f u r n i t u r e  
Paper and p r i n t i n g  products  
Rubber and rubber  products  
Other manufacturing products  
Cons t ruc t ion  
Recovery and r e p a i r s  s e r v i c e s  
Trade 
Hote l s  and r e s t a u r a n t s  
In land  t r a n s p o r t  
Sea and a i r  t r a n s p o r t  
Transpor t  s e r v i c e s  
Communication 
Banking and insurance  
Other p r i v a t e  s e r v i c e s ,  r e a l  
e s t a t e  
p r i v a t e  educat ion s e r v i c e s  
P r i v a t e  h e a l t h  s e r v i c e s  
Recreat ion and c u l t u r e  
Publ ic  s e r v i c e s  
Domestic s e r v a n t s  
The 3 1 - s e c t o r  c l a s s i f i c a t i o n  f o r  t h e  b i - r e g i o n a l  model 
(Tuscany and t h e  rest  o f  I t a l y )  h a s  t h e  f o l l o w i n g  s t r u c t u r e :  
Agriculture 
Coal and o i l  
Other energy forms and water 
Minerals 
Minerals, non-metal 
Chemicals 
Metal products  
Machinery f o r  indust ry ,  a g r i c u l .  
Other machinery 
E l e c t r i c a l  equipment 
Transport equipment 
Meat 
Milk 
Other food products  
Beverages 
Tobacco 
T e x t i l e s  
Footwear 
Wood and f u r n i t u r e  
Paper and paper products  
Rubber and rubber products  
Other manufactures 
Construction 
Commerce 
Hotels 
Transport 
Communication 
Credi t  and insurance 
Housing 
Other marketable se rv ices  
Non-marketable se rv ices  
The b r i d g e  vector  which r e a r r a n g e s  4 1 - s e c t o r s  t o  31 aggre -  
g a t e d  sectors h a s  t h e  f o l l o w i n g  s t r u c t u r e :  
C l a s s i f i c a t i o n  
APPENDIX 2:  PRODUCTIVITY OF SECTORS IN TUSCANY 
MILL LIRE/THOUSANDS EMPLOYMED CONSTANT 
PRICES ( 1 9 7 5 )  
Sector 1 9 7 4  1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  
1  4 .94  
2  214 .99  
3  41.09 
4  40 .67  
5  1 3 . 5 8  
6  3 8 . 2 3  
7  16 .25  
8  1 7 . 4 3  
9  13 .20  
1 0  1 4 . 2 2  
1 1  17 .87  
1 2  6 5 . 0 1  
1 3  3 4 . 9 3  
1 4  45.79 
1 5  2 1 . 9 0  
16  1 0 6 . 0 3  
1 7  1 2 . 3 7  
1 8  1 4 . 6 1  
1 9  9 . 1 4  
2 0  2 3 . 5 4  
2  1  22 .48  
2 2  23 .31  
2 3  1 0 . 9 8  
2 4  8 .82  
25  1 4 . 1 9  
26  8 .83  
2 7  1 0 . 5 8  
2 8  3 1 . 7 6  
30  1 0 . 9 6  
Average 6 . 4 2  
APPENDIX 3 :  PRODUCTIVITYOFSECTORS I N  ITALY,  MILL L I R E /  
THOUSANDS EMPLOYED, CONSTANT P R I C E S  ( 1 9 7 5 )  
- - - - 
Sectors 1 9 7 5  1976  1 9 7 7  1 9 7 8  1979  1 9 8 0  1 9 8 1  
APPENDIX 4: CAPACITY AND CAPACITY UTILIZATION 
The base year for the scenarios in the Tuscany studies is 
1980. To make such scenarios possible, maximal capacity and 
actual capacity utilization have been calculated for 1980 in 
Table A4.1. Normal capacity level for 1980 is obtained by multi- 
plying the maximum level by factor 0.9. 
Table A4.2 describes the capacity utilization as a share of 
maximum capacity for the period 1975-1980 in Italy. Table A4.3 
contains the same information with regard to Tuscany for the 
period 1975-1978. One should observe that 1975 is characterized 
by a low degree of capacity utilization both in Italy as a whole 
and in Tuscany. This is important to note, since the input- 
output structure with regard to Tuscany and the rest of Italy 
has been estimated with data from this year which is charac- 
terized by a low activity level and a high level of idle capa- 
city in many sectors. 
Table  A4.1. P r o d u c t i o n  c a p a c i t y  and i d l e  c a p a c i t y  by s e c t o r s ,  
I t a l y ,  3980. 1975 v a l u e s ,  m i l l i o n s  o f  L i r e .  
P roduc t i on  
Maximal I d l e  d i v i d e d  by maxi- 
S e c t o r  P r o d u c t i o n  c a p a c i t y  c a p a c i t y  mal c a p a c i t y  
T o t a i  
Table A4.2. Capacity utilization in different sectors of the 
Italian economy. 
Sector 1975  1976  1977  1978  1979 1980 
TableA4.3. Capacity utilization in different sectors of the 
economy in Tuscany. 
Sector 1 9 7 5  1 9 7 6  1 9 7 7  1 9 7 8  
Total 
APPENDIX 5 :  THE 41-SECTOR CAPITAL COEFFICIENT MATRIX 
OF ITALY 
Table  A 5 . 1 .  C a p i t a l  c o e f f i c i e n t  m a t r i x ,  I t a l y  ( 4 1  x  4 1  s e c t o r s )  i n  p e r c e n t .  
To sector 
From 
sector 1 2 3  4 5  6 7 8 9 10 ll 12 1 3  1 4  1 5  
T a b l e  A 5 . 1  c o n t i n u e d .  
To sector 
From 
sector 16 17 18 1 9  20 2 1  22 23 2 4 25 2 6 2 7 2 8 29 3 0 
? ? Y ? 9 Y 4 ? ? ? ? p . ? Y ? ?  
O N U ) C J m m P 0 0 0 U ) 0 0 c n m 0  
r l C O 1 m P  Q ' Q '  c n 0 N  
